Introduction
The quality and durability of asphalt paving on treated timber bridge decks are determined by three main factors: structural characteristics of the bridge superstructure, type and amount of wood treatment chemicals and solvents, and the asphalt paving system. Large deck deflection and timber deck member shrinkage can cause serious pavement cracking. Residual treatment chemicals and/or solvents at the timber surface can cause pavement bleeding, softening, and de-lamination.
Structural Considerations

Bridge Superstructure Deck Systems
The three most common timber bridge deck systems in the United States are: timber plank decks, stress-laminated timber Considerations when Paving Treated Timber Bridge Decks . . . continued from page 1
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decks, and glued-laminated timber panel decks. Timber plank decks are generally on low volume, unpaved road systems. Stress-laminated decks are usually longitudinal, without beams or stringers, and are stressed together into monolithic slabs where moisture induced expansion/contraction is spread across the entire deck width. Since the stressed deck is essentially a single unit, differential deflection between multiple members does not occur.
Glued-laminated timber panel decks have the highest incidence of asphalt paving problems resulting from structural factors.
Unless mechanically interconnected, wheel loads will cause the gluedlaminated deck panels to move independently of each other. If this displacement is large enough, it will result in reflective cracking of the asphalt pavement. In addition, drying shrinkage can open gaps at the deck panel interfaces, which can cause excessive asphalt pavement cracking.
Differential Deflection of Deck Panels
Asphalt paving is flexible enough that uniform bridge superstructure deflection seldom causes pavement problems. The most common cause of pavement failure in glued-laminated panel deck systems is differential deflections between adjoining deck panels. This is particularly true of transverse gluedlaminated deck panel systems (the panels are installed with the laminations perpendicular to traffic flow). Wheel loads moving from panel to panel cause rapid, repetitive panel movement. When these deflections are greater than .05 inches the pavement will usually crack. When deflections exceed .10 inches the cracks will often ravel, causing impact loadings and increased moisture penetration and retention.
Designing stiffer glued-laminated panel decks, either through closer beam spacing or a thicker deck, will prevent deflection-induced pavement cracking. Traditionally, timber bridges were designed with flexible beams and stiff decks. The advent of gluedlaminated timber allowed fabrication of deeper, stiffer beams. Larger beams encouraged greater beam spacing and more deflection in decks. Deeper deck panels minimize deflection and pavement cracking, but quickly increase the material cost of a timber bridge.
A more effective solution is often to mechanically interconnect the glued-laminated deck panels. The most common method of panel interconnection is the dowelled system developed by the USDA Forest Service Forest Product Laboratory in the 1970s. This system is described in the USDA Forest Service publication, Timber Bridges: Design, Construction, Inspection, and Maintenance [1] . A series of steel dowels are placed at the mid-depth of the gluedlaminated panels. Design specifications are included in the American Association of State Highway and Transportation Officials, Standard Specifications for Highway Bridges [2] .
Another interconnection system, which may be easier to install and more economical, is a longitudinal stiffener beam (load distributor beam) attached to the underside of the deck, midway between the longitudinal, load carrying beams. This stiffener beam should have a minimum stiffness of EI= 80,000 KIP-inches 2 and should be bolted through the deck near the edges of all glued-laminated panels [3] . 
Shrinkage of Deck Panels
Glued-laminated deck panels are normally treated with oil-borne preservative treatments, thereby minimizing moisture penetration and the associated volume change. However, if deck panels are treated with waterborne treatments, or light oil solvent treatments in low humidity states, drying can cause enough deck shrinkage to crack asphalt paving at the panel joints. Deck panel expansion seldom causes pavement damage, but shrinkage of .125 inches per panel joint is enough to cause crack formation. A reduction in moisture content of as little as 3 percent can cause .375 inches of shrinkage in a 4-foot wide glued-laminated deck panel [4] .
Treatment Considerations
Treatment Types
The most common oil-based treatments are creosote, pentachlorophenol, and copper naphthenate. Creosote for bridge timber should be derived entirely from coal tar, as required in AWPA P1/P13 [5] . Pentachlorophenol and copper naphthenate treatment chemicals can be carried in either a heavy oil solvent (AWPA Type A) or a light oil solvent (AWPA Type C). Type A solvent provides more protection against moisture intrusion and is usually preferred by bridge engineers. However, Type C solvent is often used in more sensitive environments as it provides a cleaner surface with less potential of solvent leakage.
When timber is improperly treated, or if post-treatment cleaning procedures are not followed, treatment chemicals (and/or solvents) will be present at, or may migrate to, timber surfaces. These materials have detrimental effect on asphalt pavement. Excessive creosote or oil solvent reduces pavement to deck adhesion, softens the asphalt in the pavement mix, and causes bleeding and pavement rutting.
Proper Treatment Practices
In 1994, the Western Wood Preservers Institute and the Canadian Institute of Treated Wood, in consultation with the USDA Forest Service, published a set of specifications for timber treatment. The latest edition of this publication, Best Management Practices for the Use of Treated Wood in Aquatic Environments [6] (BMPs) was printed in 1996. These specifications seek to minimize the amount of treatment chemicals available to migrate into the environment by controlling treatment procedures, mandating post treatment cleaning procedures, limiting chemical loading, and requiring visual inspection before installation. (The BMPs can be viewed at www.wwpinstitute.org.)
These specifications were prepared to protect the quality of water and diversity of various life forms found in the lakes, streams, estuaries, bays, and wetlands of North America. A secondary result of complying with these specifications has been improved performance of asphalt pavements on treated timber bridge decks treated in compliance with the BMPs. Michigan [7] . Two of these bridges had undergone post treatment procedures as required by the BMPs. The other two bridges had not. Core samples revealed similar creosote retentions in all four bridges. The two bridges not receiving post treatment procedures exhibited excessive underside leakage of creosote, bleeding of asphalt/creosote on the roadway surface, and pavement rutting. The two bridges receiving a post treatment cleaning procedure had none of these problems.
Pavement System Considerations
Paving Membranes
Concern about water penetration causing wood deterioration, and dissolved roadway salts causing steel component rusting, has prompted widespread use of waterproof paving membranes as part of asphalt paving systems on many treated timber bridges. Paving membranes are basically paving fabrics, or fiber mesh, impregnated with polymer modified, or rubberized asphalt. Indiscriminate use of paving membranes has caused installation, durability, and environmental problems.
Installation
One side of most paving membranes is sticky and is designed to adhere to the bridge surface. These membranes were developed for concrete bridge decks where the hot asphalt overlay melts the membrane, filling surface voids in the concrete and tightly bonding the asphalt overlay to the bridge deck surface. A primer, or sealer, is often recommended for the concrete surface to improve the bond. This process results in a waterproof seal of the concrete bridge deck, which is very important since concrete is susceptible to damage from intrusion of water and dissolved roadway salts. In most cases, properly preservative treated timber decks are not nearly as susceptible to moisture and salt damage.
Treated timber bridge decks present a significantly different installation challenge. Oil-borne preservative treated timber decks will not absorb the melted paving membrane. Timber decks also do not absorb and dissipate the heat of the asphalt overlay as readily as concrete. When an oil-borne preservative treated timber deck bridge, with a paving membrane is paved, a semi-liquid pool of rubberized asphalt forms between the deck and the overlay. This often causes the entire membrane to slip under the overlay, folding and bunching the fabric in front of the paving machine. The melted asphalt either drips through the timber deck or remains at the wood pavement interface. This concentration of asphalt will soften asphalt pavement and cause ongoing problems.
Durability and Environmental Concerns
Over the past several years, incidents of asphalt material dripping from the underside of treated timber deck panels have been reported in Michigan and Oregon. In July of 2000, a creosote treated transverse glued-laminated timber panel deck bridge in Michigan was inspected and tested. The bridge had been paved in late November of 1998. Immediately after paving, strands of melted paving membrane were observed hanging from the underside of the bridge. The hot asphalt overlay melted the paving membrane causing this initial leakage. However, the membrane continued to leak from the underside of the bridge.
In early 2000, two Forest Service bridges in Oregon were reported to be leaking asphalt material between the deck panels. One bridge had been installed in 1991, the other in 1998. In each case the leakage was not observed until the bridges were inspected in the fall of 1999. Deck panels for the 1991 bridge were treated with pentachlorophenol in a light oil solvent. The deck had been coated with an asphalt primer before installing the paving membrane and asphalt pavement. The deck panels for the 1998 bridge were treated with pentachlorophenol in heavy oil and again coated with a primer before placing the membrane and asphalt pavement.
The creosote and pentachlorophenol treatment solvents in all these bridge decks appear to be dissolving the asphalt in the paving membranes. The Michigan bridge deck panels were not post treatment cleaned, and significant quantities of creosote were present on the panel surfaces. For the Michigan bridge, it appears that the paving membrane began to dissolve almost immediately after placement of the overlay. The Oregon bridges were post treatment cleaned and the dissolved membrane leakage did not appear until In 2001, tests were conducted on three different paving membranes. The membranes were submerged in four solutions: 1) a light oil solvent (AWPA Type C), 2) pentachlorophenol in light oil solvent, 3) copper naphthenate in light oil solvent, and 4) a heavy oil solvent (AWPA Type A). The light oil solutions dissolved all of the asphalt in the paving membranes within three days. The heavy oil solution dissolved all of the asphalt in the paving membranes in about two weeks. The resulting solutions from the light oil only and heavy oil only solutions contained finely ground rubber particles. The pentachlorophenol and copper naphthenate light oil solutions appeared to have dissolved the rubber particles, as well as, the asphalt material.
Both light and heavy oil treatment solvents (AWPA Types C and A) readily dissolve asphalt. Pentachlorophenol and copper naphthenate chemicals appear to also dissolve the ground rubber, which is added to paving membranes to increase water resistance. Past experience has shown that creosote chemicals will also dissolve the rubber compounds. Whether or not the rubber is dissolved is probably irrelevant, since the finely ground rubber particles will flow with the dissolved asphalt.
If timber treatment solvents and asphalt are both present at the treated wood/asphalt-pavement interface, the asphalt will dissolve. If enough solvent and asphalt are available, the dissolved asphalt will flow down through any available opening and also migrate up through the asphalt paving. The downward flow causes environmental concerns and the upward migration causes pavement softening, rutting, and bleeding at the pavement surface.
Paving systems using membranes are difficult to install on treated timber bridge decks and can cause softening of the asphalt, as well as environmentally inappropriate and unsightly leakage if placed directly against any oil-borne preservative treated wood.
Paving Recommendations
Oil-borne preservative treated timber decks are very resistant to moisture penetration and damage, particularly if a bituminous sealer is placed between the vertical joints of the glued-laminated deck panels. This creates a waterproof cover over the beams and hardware. Constructing the bridge on a minimum road grade of one percent will also help keep the bridge dry. However, if road salts are present, a waterproof paving system may be necessary to fully protect critical steel components such as stressing bars, beams, and connection hardware.
Paving membranes should not be placed directly against oil-borne preservative treated wood; however, they can be used over a base layer of asphalt. A crowned 1.5-to 2-inch layer of asphalt should be placed directly on the treated timber bridge deck. The paving membrane is then applied, and a final 1.5-to 2-inch layer of asphalt is placed over the membrane [8] .
Another waterproofing system is to spray a light coat of rubberized asphalt cement, with or without a paving fabric, directly onto a clean treated timber 
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deck before placing the asphalt overlay. This asphalt seal will provide an effective water resistant layer, provided the bridge deck is on a grade to prevent surface water from ponding.
Asphalt pavements are compatible with oil-borne preservative treated wood only when minimal amounts of asphalt and/or treatment solution are present at the wood/asphalt-pavement interface.
Conclusions and Recommendations
Unless glued-laminated deck panel deflection is limited to .05 inches, panels should be mechanically interconnected. Deck panels should be treated with an oil-borne preservative, and to minimize shrinkage, should be installed at moisture contents of 16 percent or less. Deck panels should be treated in compliance with the treatment Best Management Practices to minimize solvent and treatment chemical surface migration. The quantity of asphalt at the wood/ asphalt-pavement interface should be minimized and paving membranes should not be placed in direct contact with oil-borne preservative treated wood. 
Considerations when
Criteria
Bridges will be judged on the basis of their design innovation, visual appeal, cost effectiveness and sound engineering principles. The competition highlights innovative and efficient uses of wood products to help solve bridge problems in America's highway infrastructure.
Award Categories
The 2001 National Timber Bridge Awards will be presented in five categories:
• Pedestrian/light vehicular bridges • Vehicular bridges with main span over 40 feet • Vehicular bridges with main span under 40 feet • Covered bridges • Rehabilitation of existing bridges using wood components
Entry Requirements
All entries must be submitted on an official entry form with photographs and a written description of the bridge.
Photos should be high quality 8" by 10" color prints, or color slides. All photos must be released for use by the Timber Bridge Awards Program.
In describing the project, include problems encountered, innovative solutions, research conducted, and cost evaluations. When possible, include 8-1/2" by 11" drawings showing bridge elevation, framing systems and typical details.
Presentation
Submit your entry in an 8-1/2" by 11" format with materials preferably displayed in transparent window sleeves. Do not submit full size engineering drawings.
Judges
A panel of judges representing a wide diversity of timber bridge design expertise will evaluate all entries.
Award Notification
Winners will be notified by the sponsors. There will be First Place Award winners and Award of Merit winners selected for all five categories. Award plaques will feature a color photo of the winning bridge and names of its designer, contractor, and owner or sponsor. Materials from non-winners will be returned. Award winners will be publicized nationally. 
Deadline
Potential for Expanding SmallDiameter Timber Market: Assessing Use of Wood Posts in Highway Applications
There is an over-abundance of small-diameter timber available in the United States. There is low demand for this material because it has low value. One way to increase the value, and therefore the demand, for this material is to develop or expand markets where the material can be used. One such market is that of wood posts in highway applications. In this study, we gathered information on the current use of posts, both wood and those made from other materials, used in highway applications. Information was gathered using a survey of Department of Transportation engineers from across the United States. We then analyzed the information to assess the possibility of increasing the use of smalldiameter timber in the highway application market. We found many opportunities for ways this market could be expanded, but we also found challenges to increasing this market.
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